The attention deficit hyperactivity disorder (ADHD) symptom presentation of young adolescents with ADHD was examined in association with the transition to middle school. This study used data collected in the Multimodal Treatment Study of ADHD, which included children between 7 and 9 years of age with a diagnosis of ADHD (n=258) and grade-and sex-matched controls (n=112). The trajectory of ADHD symptoms before, during, and after the transition to middle school was modeled using hierarchical linear modeling. A clear developmental reduction in ADHD symptomatology was observed for all three ADHD symptom domains. For young adolescents with ADHD, the transition to middle school was associated with a disruption in the developmental decline of inattention, hyperactivity, and impulsivity symptoms as measured by parent ratings. This effect was also observed for teacher ratings of inattention and hyperactivity. These results support the assertion that the environmental changes associated with transitioning to middle school coincide with a transient reversal in ADHD symptom decline among children with ADHD.
analyses because of the extended 3-year gap between the 36-month and 6-year assessment time points. The 258 participants who transitioned to middle school at or before the 36-month assessment time point had a mean age of 8.83 (SD = .83) at baseline. These participants were reassessed at completion of the 14-month treatment phase (M age = 9.96, SD=.81 years), at 24 months postrandomization (M age = 10.84, SD=.83 years), at 36 months postrandomization (M age = 12.24, SD =.80 years), and at 6 years postrandomization (M age = 15.36, SD = .87 years). Participant retention rate was 97% at 14-months, 93% at 24 months, 84% at 36-months, and 75% at 6 years. Co-occurring oppositional defiant disorder (42%), conduct disorder (14%), anxiety disorders (46%), and affective disorders (5%) were diagnosed in this sample at baseline with the DISC-P. Sixty-two percent of the sample was Caucasian, 23% was African American, 6% was Hispanic, and 9% was mixed decent or other ethnicity. Seventy-seven percent were male, and 23% were female.
A nonclinical comparison group for our study was derived from the Local Normative Comparison Group (LNCG) recruited at the time of the 24-month MTA assessment. LNCG children were living in the same communities and attending the same schools as the MTA children. These children (n=289 across the MTA sites) were identified from school registries to match the MTA sample in terms of grade and sex and then randomly chosen from among those parents who volunteered to participate. LNCG children were assessed at 24 months, 36 months, and 6 years (retention rate at 6 years = 97%) using a similar battery of measures as those used with the ADHD sample. Thirty-one of the LNCG participants met ADHD diagnostic criteria at baseline using the same DISC-P and SNAP-IV criteria as specified for the MTA study participants. These 31 children were excluded from this study's sample to avoid confounding the LNCG group with the MTA group (final LNCG n=258). To capture the transition to middle school and ensure comparability with the reduced MTA sample just described, only LNCG participants who transitioned at or prior to the 36-month assessment point were utilized in our analyses (n=112). The LNCG group at baseline was 83% male, and the racial/ethnic composition of the LNCG sample was 69% Caucasian, 9% African American, 15% Hispanic, and 7% Other. The proportions of male and non-Caucasian participants across the ADHD and LNCG groups were not statistically different (all ps > .05).
Children and their parents provided informed assent and consent respectively during their first clinic visit. This included consent for the collection of rating scales reported in this study. The MTA study was approved by Institutional Review Boards at each of the participating institutions. A more complete description of the assessment battery, interventions, and follow-up procedures and assessment battery are described elsewhere (Hinshaw et al., 1997; Jensen et al., 2007; MTA Cooperative Group, 1999) .
Measures
SNAP-IV (Swanson, 1992) . The SNAP-IV has 39 items, which are derived from Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria for ADHD and oppositional defiant disorder (ODD). The items on this scale are reproduced directly from DSM-IV (4th ed.; American Psychiatric Association, 1994) and DSM-III (3rd ed.; American Psychiatric Association, 1987) symptoms for ADHD and ODD, and include 18 ADHD items from DSM-IV (9 DSM inattention and 9 DSM hyperactive/impulsive symptoms). Parents and teachers respond on a 4-point Likert scale rating the severity of symptoms in the past four weeks, ranging 0 (not at all), 1 (just a little), 2 (pretty much), and 3 (very much). The scale yields ADHD-related factor scores on inattention, hyperactivity, and impulsivity. Each factor score is derived by summing the items for each symptom domain and dividing by the number of items on each factor (inattention = 9 items, hyperactivity = 6 items, impulsivity = 3 items). Normative data for the SNAP are provided by Gaub and Carlson (1997) and Swanson (1992) . Although psychometric properties have not been investigated for the SNAP-IV, adequate reliability and validity has been established for similar DSM-IV checklists. On other DSM-IV checklists, excellent internal consistency (Cronbach's α > .90), and high correlations with other instruments of established validity and reliability (r = .79, Wolraich et al., 2003) have been documented. To remain consistent with literature examining the trajectory of ADHD symptoms with increased age (e.g., Biederman et al., 2000) , symptoms of hyperactivity and impulsivity were examined separately even though they are often grouped together diagnostically.
The SNAP-IV was completed by parents and teachers at each of the assessment points. MTA assessments occurred over the course of the academic year because of the logistical need to space each site's numerous assessments over the course of a 9-month assessment period. Efforts were made to collect parent and teacher ratings concordantly. Seventy-one percent of teacher ratings and 67% of parent ratings were completed during the first academic semester (SeptemberDecember), and 29% of teacher and 33% of parent ratings during the second academic semester (January-June). T tests comparing ratings collected in the first academic semester to those collected in the second academic semester revealed no differences related to the timing of assessments (all ps > .05).
For children in elementary school, only one set of teacher ratings was collected, primarily from homeroom teachers. Children in middle school had up to three sets of teacher ratings. To equate ratings during middle school with ratings conducted in elementary school, a composite teacher rating was calculated by averaging each participant's teacher ratings.
Services use in children and adolescents-parent interview (SCA-PI)
; service barriers and attitudes .
This structured interview administered to parents captured child and adolescent services use across mental health, primary care, school, and community settings. It was obtained every 6 months, either by phone or during the face-to-face assessments. Medication use was queried at each time point. For this study, the percentage of days in the interval between the last assessment and the current assessment that any stimulant medication was taken was used as an indicator of ADHD medication usage. Test-retest reliability using an 18-day between-test interval for reporting medication use on the SCA-PI is excellent (κ = .97; Hoagwood et al., 2004) .
Determination of Transition Year
Although the MTA study included comprehensive assessments of children's symptomatology through a critical developmental period, assessments were not planned to reflect functioning in association with the middle school transition. Neither the assessment schedule nor the data collection forms were focused on assessing difficulty with transition to middle school. Hence the year of transition to middle school was not recorded. Determination of the transition year was made according to the following decision algorithm. First, all children in Grades 1 to 4 at the time of assessment were assumed to be in elementary school. Similarly, children in the seventh grade were assumed to be in middle school. For children whose data were collected in the fifth or sixth grades, the name of the school and the number of teachers completing rating scales were used to determine if the child was still in elementary school or had transitioned to middle school. For most cases, the name of the school listed by the teacher on top of the rating scale clearly labeled the school as an elementary or middle school (e.g., Johnson Middle School). For cases where this was not clear, we examined the number of teachers who rated the child. In the MTA study, rating scales were collected from one teacher when students were in elementary school and multiple teachers (i.e., Language Arts, Math, and Social Studies teachers) following the transition to middle school. Therefore, children in the fifth or sixth grade who had more than one set of teacher ratings were classified as having made the transition to middle school.
Statistical Analyses
Hierarchical linear modeling (HLM) was used to analyze the data. HLM models were derived separately according to rater (i.e., parent or teacher) and according to each of the three core ADHD symptom domains (i.e., inattention, hyperactivity, and impulsivity). In all, six HLM analyses (two raters by three domains) were conducted (e.g., parent ratings of inattention symptomatology).
Developing the basic model.
The first step was to develop a basic model for each rater/symptom combination. The initial model was a simple unconditional mean model (i.e., intercept term only). A linear age term was then added to model developmental trajectory of ADHD symptomatology. The age term was entered first as a fixed effect. The new model was evaluated by testing the difference in fit between the new (intercept + linear fixed age) and previous model (intercept only) using -2 log likelihood (-2 LL) ratios. Each model was fitted using a full maximum likelihood function. After entering linear age as a fixed effect in the basic model, a linear age random effect term was tested by adding this new variable to the model in a sequential manner, followed by a fixed quadratic age term, and finally a random quadratic age term. Variables were retained if the -2LL ratio was significant (p > .05) and dropped if nonsignificant. To better illustrate this process, an example of basic model selection is illustrated in Table 1 .
Expanding the model.
Once the basic model for each variable was derived using the procedure just outlined, selected covariates that could potentially affect ADHD symptom trajectories were systematically added to the model, namely, treatment group, stimulant usage, and their interactions with other terms in the model. Stimulant usage was added as a first level, time-varying covariate, and treatment group was added as a second level, time-invariant covariate. Treatment group was entered simultaneously as three dummy variables contrasting the community comparison group to each of the three active MTA treatment conditions (combined treatment, medication only, psychosocial treatment only). Note that the effects of MTA treatment on ADHD symptom reduction over time are unlikely to map onto the MTA results reported in the literature (Jensen et al., 2007) because patients' age instead of MTA assessment time point (baseline, 14 month, 24 month, 36 month, and 6 year) were used to indicate time.
In building this expanded model, a similar approach as the basic model selection process was used. Each variable was entered first as a fixed effect first, then as a random effect. Variables were entered in a sequential manner and retained in the model only if the -2LL was significant (p < .05). Note that variables added later in the entry sequence could potentially cause a variable entered prior to become statistically nonsignificant. In these cases, we compared the relative contribution of the two terms by looking at the -2 LL values generated with and without the inclusion of these variables respectively. We then selected the variable that produced the highest change in -2LL values and retained that variable in the final model (e.g., see age 2 term in the appendix). Note that some variables were not significant in the final models but were retained in the model because of interaction effects with other variables.
The appropriate variance covariance structures were also examined during model testing by implementing three different variance structures (i.e., autoregressive, variance component, and unstructured) and examining the Bayesian Informational Criterion values. The variance structure that produced the smallest Bayesian Informational Criterion value for the model was selected. In some circumstances the inclusion of a random effect term produced a boundary problem (i.e., a negative variance) regardless of the variance structure used. In these circumstances, as suggested by Singer and Willet (2003) , we dropped the random part and treated the variable as fixed. Note that this model selection process allowed final models across dependent measures and raters to vary in the number of variables, random or fixed nature of the variables, and variance structures. An example of the complete modeling process is provided as an appendix.
The last variables inserted into the expanded model were variables indicating the transition to middle school year and another indicating the posttransition slope. The transition year variable was created by recoding the grade variable to equal 0 for assessments that occurred during elementary school and 1 for middle school assessments. A significant transition to middle school term would indicate that the trajectory of ADHD symptomatology over time is affected by the transition to middle school.
To indicate the slope after transitioning to middle school, a variable was created by coding this variable as 0 for all the elementary school years including the transition year. Posttransition years were coded as the difference in age at the two subsequent time points. This formulation ensures that the slope variable and age move in lockstep. For example, using this approach, a one-unit change in the primary linear predictor age will parallel a one-unit change in the posttransition slope. A significant effect for this slope variable would indicate that the symptom trajectory slope after the transition to middle school year differs from the symptom trajectory slope prior to the transition to middle school.
A similar modeling process was used to develop statistical models for the LNCG group. The primary difference was that treatment group and stimulant usage were not included in these models because they were not applicable to the LNCG participants. Because the LNCG models differed from the MTA models in the exclusion of these variables and because the two sets of participants had different numbers of observations (i.e., the LNCG participants lacked baseline and 14-month data), the LNCG and MTA models were not contrasted statistically.
Results
The final statistical models for the three ADHD symptom domains are presented in Table 2  (parent ratings) and Table 3 (teacher ratings). The primary purpose of this article is to examine the impact of the transition to middle school on the developmental trajectory of ADHD symptoms. Accordingly, the variables of interest are time (age or age 2 ), the transition year, and the post-transition slope.
Time (Age)
The age variable was significant and retained in all parent models (p < .001) and in the model of teacher-rated inattention (p < .001). In all cases the coefficient was negative indicating that ADHD symptoms declined with increased chronological age. Although the age variable alone was not significant in the final models for teacher rated symptoms of hyperactivity and impulsivity, the coefficients in these models were negative (see Figures 4 & 6) . The quadratic age term alone (age 2 ) was only significant for parent-rated symptoms of impulsivity (p < .05) suggesting that there is an exponential attenuation in impulsivity symptoms at younger ages that plateaus with development.
Transition Year
After accounting for age, stimulant usage, treatment group, and their interactions, the transition to middle school produced a statistically significant effect and was retained in all models except for teacher ratings of impulsivity. According to parent ratings, the transition to middle school was associated with an elevation in symptoms or disruption in their decline that would not have been predicted based on the rest of the variables in the model (see Figures 1, 3 , & 5; Table 4 ). For teacher ratings, the declining developmental trajectory of inattention and hyperactivity flattened during the transition year (see Figures 2 & 4; Table 4 ). Specifically, these symptoms did not continue to decline at the rate predicted by the other variables in the model.
Posttransition Slope
The posttransition slope coefficient measures change in the rate of symptom decline after the middle school transition year. This variable was significant for parent ratings of inattention (p < .001), hyperactivity (p < .001), and impulsivity (p < .01). For example, for parent ratings of inattention, before the transition to middle school, the slope was -1.68. After transition to middle school, the trajectory has a slope that is the sum of both the linear age and the posttransition slope coefficient (-1.68 + 1.59= -0.09), indicating that the rapid rate of decrease in inattention symptoms seen prior to the middle transition was attenuated following the transition (see Figure 1) . The posttransition slope variable was not significant for any of the teacher-rated symptom domains. This finding suggests that although teacher-rated symptoms of inattention and hyperactivity were disrupted by the transition year, they resumed the predicted rate of decline posttransition.
Magnitude of Transition Effects
To examine the magnitude of the transition effect on ADHD symptom trajectories, Cohen's d effect sizes were calculated (Cohen, 1992) . The predicted posttransition mean sco predicted transition It is noteworthy that the disruption in ADHD symptom decline associated with the transition year and the long-term impact of this disruption (i.e., posttransition slope) were more marked as measured by parent ratings (see Figures 1-6 ). According to parent ratings, symptoms of ADHD declined at a statistically slower rate following the transition as compared to the pretransition decline. This trend was not found for teacher ratings of ADHD symptomatology. It is possible that the impact of the transition to middle school is more evident in the home environment. Specifically, the larger disruption in parent-rated symptoms may be a function of increased conflict with parents as children move into middle school, including arguments about homework and autonomy. It is also possible that lower reliability of the teacher ratings may have contributed to these differences. That is, all participants were rated by a different teacher at each time point, whereas the same parent completed ratings at each time point. Having different teachers rate the child each year likely increased the within-child variability of the teacher ratings relative to parent ratings because nonspecific factors such as response bias, personal perceptions, class composition, and so on, varied each year for teacher ratings but likely remained much more stable for parent ratings. Moreover, individual teachers are likely to have much less knowledge of specific children after the transition, given the increased number of classes accompanying the middle school years. In addition, the stability of parent ratings likely benefit from the fact that they have knowledge about past functioning whereas teachers do not. Indeed, variances at each assessment point were higher for teachers than for parent ratings.
The scope of this article was limited to the impact of the transition on symptoms of ADHD because other measures of functioning were not examined. Although it is well documented that a wide variety of functional impairments are associated with ADHD in adolescence (Barkley et al., 1990) , it is not clear what triggers these impairments. Determining if the transition to middle school leads to increased functional impairment is important, given the severe nature of impairment difficulties in adolescence (i.e., teen pregnancy, substance abuse, car accidents, and school dropout). Research that includes functional outcomes is particularly relevant because decreased academic confidence and grade point average have previously been documented with the transition to middle school in children without ADHD (Alspaugh & Harting, 1995; Gutman & Midgley, 2000; Midgley & Urdan, 1992) . Moreover, we recently reported higher rates of delinquency and substance experimentation among the MTA children compared to the LNCG at the 36-month follow-up (Molina et al., 2007) . Thus, there are signs of the expected emergence of these more serious behaviors that should, theoretically, be affected by unsuccessful transitions to secondary education.
Another limitation is that ratings were completed throughout the school year. Specifically, approximately half of the sample was assessed during the first academic semester of school, whereas the other half was rated during the second academic semester. These assessment time points varied within patients across assessments. Differences in rating scale collection have the potential to influence the results as behavior has been shown to vary from month to month over the course of a school year, irrespective of treatment (Evans, Langberg, et al., 2005) . Limited research has been conducted on the month-to-month natural changes in ADHD symptomatology during the course of a year. One report on a small sample showed that teacher ratings of hyperactivity/ impulsivity displayed a significant seasonal effect on a placebo condition such that fall ratings of hyperactivity/impulsivity started higher and showed more decline compared to spring ratings (Yao, Arnold, Witwer, Hollway, & Hall, 2005) .
Implications for Research, Policy, and Practice
These findings may have implications for longitudinal research. The seminal longitudinal studies of children with ADHD completed follow-up assessments years after the initial baseline assessment (e.g., 8 years; Barkley et al., 1990) . With these large gaps between assessments, it is likely that clinically relevant changes in symptoms and/or functioning are missed. This point is highlighted by the fact that even using the MTA sample where assessments were completed yearly for the first 3 years, a disruption such as the transition to middle school was not readily apparent. For example, if we examined the MTA data at baseline, 36 months and 6 years postbaseline, we would likely conclude that symptoms of ADHD decline in a linear fashion with increased age. It is possible that other significant events (e.g., transitioning to college, parents divorcing, and changing schools) are also associated with disruptions in ADHD symptomatology. Future research evaluating how the course of ADHD symptomatology is influenced by significant developmental events may serve to guide targeted intervention research. These findings also highlight the need for interventions implemented prior to and during the transition to middle school. Investigators have suggested that changes in class size, number of teachers, increased demands for independence, and greater workloads make the transition to middle school a difficult event for children with ADHD (Evans, Serpell et al., 2005; Robin, 1998; Thompson et al., 2003) . There are numerous academic changes in middle school, including increased expectations related to organization of materials, independent completion of classwork and homework, and the development of study and note taking skills (Evans, Serpell et al., 2005 ). An intervention that prepares children with ADHD and their parents for these environmental changes and provides them with the tools necessary to effectively navigate the middle school environment could be particularly beneficial. For example, prior to transitioning, families could receive training in developing and managing an organizational system for academic materials. This could include establishing a specific plan for recording homework and tests in an assignment notebook and for planning out long-term assignments. It is likely that by preparing families, the negative effects of the transition can be minimized, placing children with ADHD on a better developmental trajectory. School-based interventions that specifically target middle school students at risk for failure and with ADHD have been tested and appear promising (Evans, Langberg, et al., 2005; Langberg et al., 2006; Molina et al., in press ). However, to our knowledge there is no published research testing the effectiveness of interventions implemented between elementary and middle school.
